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Abstract 
World wide motor vehicles require million of gallons of lubricating oil. The used lubricating 
oil generates waste disposal problem because improperly disposed of used oil may 
contaminate the environment. On the other hand, each year billions of dollars are spent on 
the road maintenance and rehabilitation. Reclaimed asphalt pavement is among the best 
option for road maintenance in term of construction sustainability. The technique requires 
the use of asphalt rejuvenator to revive the aging bitumen. A study is carried out to assess 
technical viability of using used lubricating oil as rejuvenator. The study aims (i) to identify 
the properties of typically available used lubricating oil and the requirement for standard 
bitumen rejuvenating agent; (ii) to determine appropriate methods to improve the 
characteristics of used oil in fulfilling the rejuvenator standard and (Hi) to assess the 
laboratory performance of reclaiming asphalt with used lubricating oil as rejuvenator. Only 
the first two are discussed in this paper. The bitumen used in this study is penetration grade 
80/100. The bitumen was artificially aged so that the characteristics of bitumen before and 
after ageing could be identified and compared. A series of chemical, physical and rheological 
tests related to standard for rejuvenator were carried out to recognize the characteristics of 
used oil. The result indicates that, technically, used lubricating oil can be used as 
rejuvenating agent in reclaiming asphalt pavement. However, for a safe handling during 
asphalt mixing operation, the flash point of the used oil should be increased. 
Keywords: reclaimed asphalt, rejuvenator, used lubricating oil 
1. Introduction 
After several years of service, bituminous binder of asphalt concrete is being aged. This 
ageing mainly leads to increasing the stiffness and also brings about changes in 
physicochemical properties such as ductility and adhesion. As a result, old asphalt layer 
becomes more brittle and therefore prone to fatigue cracking that leading to the reduced 
pavement strength and shortened service life. 
By reclaiming old asphalt layer, the life of the pavement can be extended whereas the use 
of new materials reduced. A properly designed recycled asphalt mixtures can meet 
specification properties of conventional asphalt concrete. Another advantage of reclaiming 
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asphalt is that it aged slower and has more resistant to the action of water relatively compare 
to conventional hot mix asphalts (Sullivan, 1996). 
In asphalt recycling operations, new aggregate and binder are mixed together with 
reclaimed asphalt material. In order to reduce the negative effect of aged bitumen to a 
minimum, rejuvenator should be added, so that the final mix of old and new binder will have 
an acceptable consistency and a sound chemical constitution. 
A number of materials with the purpose of altering properties of old binders at reclaimed 
asphalt have been proposed in the past. A distinction is made between softening agents and 
rejuvenating agents. Softening agents are aimed at lowering the viscosity of aged bitumen, 
whereas rejuvenating agents are added for the purpose of restoring physical and chemical 
properties of the old binder (Roberts et al. 1996). In this paper, the term rejuvenator or 
rejuvenating agent is used to denominate any product used for rejuvenation of old binders. 
Aromatic oils from lube stock and aromatic fractions removed from lube stock probably 
suitable to be used as rejuvenating agent (Karlsson and Isacsson, 2006). Therefore, used 
lubricating oil is also potentially appropriate to be used as rejuvenator. However, due to the 
unknown history of used oil and the possibility of the contamination of material, it is not 
obvious whether used lubricating oil is able to restore the reclaimed binder characteristics to a 
consistency level appropriate for construction purposes and pavement performance and, at the 
same time, to optimize the chemical characteristics with regard to durability. A study on 
lubricating oil as rejuvenator is performed with the following objectives: (i) to identify the 
properties of typically available used lubricating oil; (ii) to determine appropriate methods to 
improve the characteristics of used oil in fulfilling the rejuvenator standard and (iii) to assess 
the laboratory performance of reclaiming asphalt with used lubricating oil as rejuvenator. The 
study is on going and this paper aiming to discuss the recent finding of the study related to the 
first two objectives. 
2. Materials and Methods 
The bitumen used in this study is penetration grade 80/100 which is commonly used in 
road construction in Malaysia. The properties of the bitumen are shown in Table 1. The aged 
bitumen was not directly extract from old bituminous mixtures. Instead, it was artificially 
aged from fresh bitumen so that the characteristics of bitumen before and after ageing were 
identified. Rolled Thin Oven Test (RTFOT) was used to simulate the short term ageing due to 
hot mixing and laying process. Pressure Ageing Vessel (PAV) was used to simulate the long 
term ageing (after 5 to 10 years of services). 
Table 1 Properties of the fresh bitumen 
No. Parameters Values 
t . Penetration at 25 °C, 100 g, 5 sec; dmm 110 
2. Softening Point; °C 46.5 
3. Penetration Index -0 .013 
3. Flash Point (Cleveland Open Cup); °C 323 
4. Ductility at 25 °C, 5 cm/menit; cm > 140 
5. Specific Gravity 1.032 
6. Solubility in C 2 HC1 3 ; % 99.8 
7. Loss on heating (RTFOT); % 0.029 
The used lubricating oil was collected and randomly sampled from five different 
workshops around the town of Parit Raja where the University is located. Initially, each 
individual used lubricating oil is tested for viscosity and specific gravity. Later on, all of the 
used lubricating oils were blended together with the same proportion to be use as rejuvenator. 
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Characteristic of the used lubricating oil is presented in Table 2. As for comparison, 
characteristics of a typical fresh lubricating oil of patrol engine are presented as well. 
The lubricating oil samples were tested further to check their viscosity at various 
temperatures from which the estimated proportion as rejuvenator was determined. Flash point 
test using the Cleveland Open Cup was carried out to check the safety against fire during 
construction process. The rejuvenated aged binders were produced with 5.0 and 10.0 % 
rejuvenator. 
Table 2 Characteristics of the lubricating oil 
No. Parameters 
Lubricating Oil 
Used-1 TJsed-2 Used-3 TJsed-4 Used-5 
Fresh 
Petrol 
Engine 
Kinematic viscosity 
1 at 60 °C, cSt 119 167 164 172 181 223 
2 Specific Gravity 0.8733 0.8877 0.8849 0.8924 0.8939 0.8814 
A series of chemical test to determine the chemical compositions of fresh and aged 
bitumen as well as the rejuvenated bitumen were carried out. Dynamic Shear Rheometer 
(AASHTO T315-2) test was used to determine the rheology of both fresh, aged and 
rejuvenated bitumen. 
3. Results and discussion 
3.1. Characteristics of used lubricating oil 
Table 3 presents the characteristics of used lubricating oil in term of viscosity, flash point 
and lost on heating after the Rolled Thin Oven Test. To assess the suitability of used oil as a 
rejuvenator A S T M requirement for rejuvenating agent (RA-2) is also presented. 
Table 3 Viscosity and flash point of used oil 
ASTM RA-
Lubricating Oils 2 
No. Parameters Used- Used- Used- Used- Used-
1 2 3 4 5 Fresh Min. Max. 
Kinematic viscosity at 
1 60 °C, cSt 
Kinematic viscosity at 
119 167 164 172 181 223 50 350 
2 60 °C after RTFOT; cSt 
Viscosity ratio at 60 °C 
after and before 
167 341 368 296 294 315 
3 RTFOT 1.40 2.05 2.23 1.72 1.62 1.42 - 4 
4 Flash Point, °C 
Lost on Heating by 
134 184 177 189 185 232 200 
6 R T F O T ( % ) 3.71 2.86 3.14 3.43 3.14 0.43 - 3 
Observation on Table 3 exposes that, as expected, viscosity of used oils is lower than that 
of fresh oil. Within the range of viscosity as shown in this table, the lubricating oil, either as 
used or fresh materials, is suitable as the softening agent. However, the safety against fire 
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during hot mixing process for used oil is in doubt because its flash point fell below allowable 
minimum value. It is believed that cracking of lubricating oil due to mechanical effect of the 
crankcase operation and the accumulation of "the leakage of fuel vapour" from the 
combustion chamber into the crankcase are the main causes that lead to the lower viscosity 
and flash point temperature and the higher percentage of loss on heating. 
Nevertheless, it is believed that the fuel or light oil fraction content of the used lubricating 
oil could be evaporated by heating. Therefore, the sample of blended used lubricating oil was 
heated at 135° C in the oven. The size of sample 's container is 20 cm in height and 20 cm in 
diameter and the height of sample is 15 cm. Total heating time was three hours and, at every 
one hour interval, a sample was taken and tested for both physical and chemical properties. 
The result as presented in Table 4 reveals that the three hour preheating reduced the loss on 
heating and increased the flash point up to the minimum level similar to that of ASTM RA-2. 
Nonetheless, the heating did not affect the chemical properties of the used lubricating oil. 
This condition justifies that the remaining volatile fuel content of the used lubricating oil has 
effectively reduced by the heating process. 
Table 4 Characteristics of blended used lubricating oil after heating 
No Parameters Duration of heating A S T M RA-2 
OHour 1 Hour 2 hours 3 hours Min. Max. 
Dynamic Viscosity at 60 
1. °C, mPas 
Kinematic viscosity at 60 
40 29 33 39 - -
2. °C, cSt 161 117 133 158 50 350 
3. Chemical composition: 
• Asphaltenes, % 2.67 2.67 2.67 2.68 - -
• Nitrogen base, % of 57.53 57.69 59.04 59.04 - -
• First Acidaffin, % 12.25 12.53 12.53 12.53 - -
• Second Acidaffin, % 14.32 14.32 14.32 14.32 - -
• Saturates, % 13.26 13.26 13.26 13.26 - 30 
4. Ratio Resin/Saturates 4.34 4.35 4.45 4.45 0.5 -
5. Flash Point, °C 
Loss on Heating by 
177 187 198 206 200 -
6. RTFOT 3.43 2.86 2.57 2.29 - 3 
7. Kinematic viscosity at 60 
°C after RTFOT; cSt 249 254 264 278 - -
Viscosity ratio at 60 °C 
8. after and before RTFOT 1.55 2.17 1.98 1.76 - 4 
3.2 Rejuvenated aged bitumen 
The aged bitumen was subsequently rejuvenated with used lubricating oil of 5 and 10 
percentage by weight. The fresh bitumen, the aged bitumen, and the rejuvenated bitumen 
were tested in to determine their characteristics. Basic characteristics of the binders are shown 
in Table 5. Observation of the result exposes that an addition of 10% used lubricating oil may 
rejuvenate the aged bitumen in term of penetration. In line with the penetration, the viscosity 
of this rejuvenated aged bitumen at 60° C is slightly lower. In spite of this, the softening point 
is slightly lower relatively compare to that of the fresh bitumen. 
The major changes of viscosity and chemical component of bitumen are associated with 
the mixing and laying process of hot mix asphalt (Chipperfield et al, 1970). 
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Table 5 Basic characteristic of the binders 
Type of Binder 
Aged + 
5 % Used Aged +10°/, 
No. Parameters Fresh Aged Oil Used Oil 
1. Penetration at 25 °C, 100 g, 5 sec; 0 ,1; m m 110 31 63 112 
2. Softening Point; °C 46.5 52.2 48.2 43.4 
3. Flash Point (COC); °C 323 N A 312 307 
4. Ductility at 25 °C, 5 cm/menit; Cm > 140 N A > 140 > 140 
5. Solubility in C 2 HC1 3 ; % 99.8 99.4 99.5 99.6 
6. Loss on heating (RTFOT); % 0.029 0.003 0.118 0.232 
Penetration at 25 °C, 100 g, 5 sec after 
7. T F O T ; % of Original 59.1 N A 57.4 55.2 
8. Dynamic Viscosity, mPas 49890 186396 85686 44259 
The change of chemical component due to ageing and addition of the used oil as the 
rejuvenating agent is shown in Figure 1. The asphaltene content increases while the first 
acidaffin decreases with age. The addition of rejuvenating agent up to 10 percentage cannot 
revive the bitumen back to the virgin condition in term of asphaltene and the first acidaffin. 
The increment of asphaltene with time does not reflect in the softening point and viscosity of 
the rejuvenated bitumen with 10 percent used oil. 
• Saturates 
• Second Acidaffin 
• First Acidaffin 
• Nitrogen Bases 
B Asphaltenes 
Fresh Aged Aged+5%Oil Aged+10%Oil 
Bitumen Type 
Figure 1 Change of chemical composition of bitumen 
Performance base rheology of bitumen was assessed using a series of dynamic shear 
rheometer (DSR). Not all required data are available at the time when this report was written. 
The available data to date is presented in Table 6. 
Superpave PG-grade specification required that the rutting resistance parameters, 
G*/sin( ) of fresh bitumen shall be minimum of 1.00 kPa at the maximum design 
temperature and parameter to control fatigue cracking, G*sin( ) after PAV, should be not 
more than 5,000 kPa at the intermediate temperature (Robert et al, 1996). With these criteria 
as a reference, the result suggests that the fresh bitumen is suitable for pavement with 
maximum design temperature of 58° C and intermediate temperature of 25° C. As long as the 
rutting resistance parameter is concerned, the data indicate that the rejuvenated bitumen with 
5 and 10 percent used lubricating oil are suitable for the maximum pavement design 
temperature of 64° and 58° C respectively. As the experiment is going on, a more 
comprehensive rheological data of rejuvenated bitumen after RTFOT and RTFOT + PAV will 
be presented during the paper presentation. 
6 8 / B : TRANSPORTATION SYSTEM AND ENGINEERING 
Table 6 Performance base rheology of bitumen 
Bitumen 
Parameters 
Aged Rejuvenated biRejuvenated bj 
Fresh (After PAY) 5 % Used Oil 1 0 % Used Oil 
G*/sin5 at: 
• 52 °C, kPa 
• 58 °C, kPa 
• 64 °C, kPa 
• 72 °C, kPa 
• 78° C, kPa 
4.819 
2.020 
0.900 
3.180 
1.952 
1.176 
0.610 
1.911 
1.166 
0.605 
2.728 
1.493 
0.731 
4. Conclusions 
The possibility of utilizing used lubricating oil as bitumen rejuvenator is investigated 
based on the conventional characteristic and performance based rheology of bitumen. The 
investigation is in progress. With the current finding, some conclusions are drawn as follows: 
(i) Used lubricating oil contains some volatile light fraction that not only affects its 
viscosity but also the safety for transportation, storage and application process 
due to its low flash point temperature. However, by preheating, the flash point 
can be reduced to an acceptable level as required by technical specification of 
rejuvenating agent. 
(ii) The preheated used lubricating oil fulfils the requirements for rejuvenating agent 
similar to ASTM RA-2. 
(iii) At a right proportion, used lubricating oil may restore the characteristics of an 
aged bitumen, specially in term of viscosity and standard penetration value, even 
so, the change of chemical composition cannot fully recover. 
(iv) Although the investigation on the performance based rheology is yet to conclude, 
the initial finding indicates that used lubricating oil as rejuvenator can produce a 
rejuvenate bitumen that satisfy the criteria of Performance Grade (PG) Binder 
that suitable for tropical climate. 
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